The 80% aqueous acetone extract from the rhizomes of Alpinia galanga showed nitric oxide (NO) production inhibitory activities in mouse peritoneal macrophages. From the aqueous acetone extract, three new 8-9 linked neolignans, galanganal, galanganols A and B, and a sesquineolignan, galanganol C, were isolated together with nine known phenylpropanoids and p-hydroxybenzaldehyde. The structures of new neolignans were determined on the basis of physicochemical and chemical evidence. In addition, the inhibitory effects of the constituents from the rhizomes of A. galanga on NO production induced by lipopolysaccharide in mouse peritoneal macrophages were examined. Among them, galanganal (IC 50 ‫86؍‬ m mM), galanganols B (88 m mM) and C (33 m mM), 1S-1-acetoxychavicol acetate (2.3 m mM), 1S-1-acetoxyeugenol acetate (11 m mM), trans-p-hydroxycinnamaldehyde (ca. 20 m mM), trans-p-coumaryl alcohol (72 m mM), and trans-p-coumaryl diacetate (19 m mM) were found to show inhibitory activity.
The Zingiberaceae plant Alpinia galanga SWARTZ is widely cultivated as a spice in South and Southeast Asian countries. The rhizomes of this plant are extensively used as a spice or ginger substitute for flavoring food, and also used as a stomachic in traditional Chinese medicine, or as a carminative, antiflatulent, antifungal, and anti-itching agent in traditional Thai medicine. 1, 2) During the course of our characterization studies on Zingiberaceae natural medicines such as the rhizomes of Zingiber officinale, 3) Curcuma zedoaria, [4] [5] [6] [7] and Hedychium coronarium, 8, 9) and the fruit of Alpinia oxyphylla, 10) we have reported the gastroprotective 1) and antiallergic constituents 2) from the rhizomes of A. galanga. As a continuing study, we also found that the aqueous acetone extract from the rhizomes of A. galanga showed potent inhibitory effects on lipopolysaccharide (LPS)-induced nitric oxide (NO) production in mouse peritoneal macrophages. Through bioassay-guided separation, three new 8-9Ј linked neolignans, galanganal (1) and galanganols A (2) and B (3), and a novel sesquineolignan, galanganol C (4), were isolated together with 10 known constituents.
In this paper, we describe the structure elucidation of four new neolignans (1) (2) (3) (4) from the rhizomes of A. galanga as well as the inhibitory effects of the isolated constituents on NO production inhibitory activity.
The 80% aqueous acetone extract of the rhizomes of A. galanga was found to show NO production inhibitory activity in LPS-activated mouse peritoneal macrophages (IC 50 ϭ7.3 mg/ml). Through bioassay-guided separation, three new 8-9Ј linked neolignans, 1 (0.0048% from the dried rhizomes), 2 (0.0011%), and 3 (0.0010%), and a sesquineolignan, 4 (0.0015%), were isolated together with 10 known constituents, 1ЈS-1Ј-acetoxychavicol acetate 11) (5, 1.10%), 1ЈS-1Ј-acetoxyeugenol acetate 11) (6, 0.038%), 1ЈS-1Ј-hydroxychavicol acetate 12) (7, 0.048%), chavicol b-D-glucopyranoside 13) (8, 0.023%), methyleugenol 14) (9, 0.0006%), transp-hydroxycinnamaldehyde 15) (10, 0.028%), trans-p-coumaryl alcohol 16 ) (11, 0.052%), trans-p-hydroxycinnamyl acetate 17) (12, 0.021%), trans-p-coumaryl diacetate 11) (13, 0.015%), and p-hydroxybenzaldehyde 14) (14, 0.0047%). Structure of Galanganal (1) Galanganal (1) was isolated as a white powder. The molecular formula C 18 H 16 O 3 of 1 was determined from the molecular ion peak observed in the electron impact (EI)-MS and by high-resolution EI-MS measurement. The UV spectrum of 1 showed absorption maxima at 263 (log e 4.14) and 314 (3.98), which were suggestive of a conjugated aromatic moiety.
18 Fig. 1 . In the HMBC experiment of 1, long-range correlations were observed between the following proton and carbon pairs: 2,6-H and 4,7-C; 3,5-H and 1,4-C; 7-H and 1,2,6,9,9Ј-C; 9-H and 7,8,9Ј-C; 2Ј,6Ј-H and 4Ј,7Ј-C; 3Ј,5Ј-H and 1Ј,4Ј-C; 7Ј-H and 1Ј,2Ј,6Ј-C; 8Ј-H and 1Ј-C; 9Ј-H 2 and 7,8,9-C (Fig. 1) . The geometry of the 7-8 position in 1 was determined in a nuclear Overhauser enhancement spectroscopy (NOESY) experiment, in which a NOE correlation was observed between the 7-proton and 9-proton, as shown in Fig. 1 Fig. 1 , the 1 H-1 H COSY experiment on 2 and 3 indicated the presence of partial structures drawn in bold lines. In the HMBC experiment, long-range correlations were observed between the following proton and carbon pairs of 2 and 3 (2,6-H, 4,7-C; 3,5-H, 1,4-C; 7-H, 1,2,6-C; 2Ј,6Ј-H, 4Ј,7Ј-C; 3Ј,5Ј-H, 1Ј,4Ј-C; 7Ј-H, 1Ј,2Ј,6Ј-C; 8Ј-H, 1Ј-C), and thus the planar structure of 2 and 3 were determined to be as shown.
Next, the stereostructures of 2 and 3 were clarified by comparison of the 1 H-1 H coupling constant between the 7-proton and the 8-proton pairs in the 7,8-acetonide derivatives (2a, 3a). Treatment of 2 or 3 with 2,2-dimethoxypropane gave the 7,8-acetonide derivatives (2a or 3a), respectively. As shown in Fig. 2 , the coupling constants in the 1 H-NMR spectrum of 2a showed J 7,8 ϭ2.8 Hz, J 8,9ax ϭ2.4 Hz, and J 8,9eq ϭ 1.5 Hz, and thus the stereostructure of 2 was determined to be a 7,8-erythro-form. On the other hand, the stereostructure of the 7-8 positions in 3 was elucidated to be a 7,8-threoform (J 7,8 ϭ10.1 Hz, J 8,9ax ϭ9.8 Hz, and J 8,9eq ϭϽ1 Hz). 19, 20) Structure of Galanganol C (4) Galanganol C (4) was obtained as a white powder and its UV spectrum showed an absorption maximum at 263 nm (log e 4. Fig.  1 . The stereostructure of the the tetrahydropyran moiety in 4 was determined in a NOESY experiment, in which NOE correlations were observed between 7-H and 9 ax -H, 9Љ ax -H; 8-H and 9 eq -H; 8Љ-H and 9-H 2 , 9Љ-H 2 , as shown in Fig. 1 . This evidence was also suggested by the coupling constants in the 1 H-NMR spectrum on 4 (J 7,8 ϭ9.7 Hz and J 8Љ,9Љ ax ϭ2.5 Hz). On the basis of these findings, the structure of 4 was determined to be as shown. 19) The class of neolignans is widely distributed in various plants. However, the isolation reports of 8-9Ј linked neolignans (e.g., 1-3) are rare, and also, 8-9Ј-8Љ linked sesquineolignans with a tetrahydropyrane ring (e.g., 4) have been isolated from only one plant material, Morina chinensis.
21,22)
Inhibitory Effects on NO Production in LPS-Activated Mouse Peritoneal Macrophages The inorganic free radical NO has been implicated in physiologic and pathologic processes, such as vasodilation, nonspecific host defense, ischemia-reperfusion injury, and chronic or acute inflammation. NO is produced by the oxidation of L-arginine by NO synthase (NOS). In the family of NOS, inducible NOS (iNOS) is specifically involved in pathologic aspects with the overproduction of NO and can be expressed in response to proinflammatory agents such as interleukin-1b, tumor necrosis factor-a, and LPS in various cell types including macrophages, endothelial cells, and smooth muscle cells. As a part of our studies to characterize the bioactive components of natural medicines, we have investigated various NO production inhibitors, i.e., higher unsaturated fatty acids, 23) polyacetylenes, 24, 25) coumarins, 24, 26) flavonoids, 25, 27) stilbenes, 28, 29) lignans, 30, 31) sesquiterpenes, 6, 10, [32] [33] [34] [35] [36] diterpenes, 8, 37) triterpenes, [38] [39] [40] [41] diarylheptanoids, 42, 43) cyclic peptides, 40) and alkaloids. 44, 45) In the previous study, 1ЈS-1Ј-acetoxychavicol acetate (5) from A. galanga (syn. Languas galanga) was reported to inhibit NO production strongly in a macrophage-like cell line, RAW265, 46) while the effects of the other constituents were not reported. Therefore the effects of the constituents (1-14) from the rhizomes of A. galanga on NO production in LPS-activated macrophages were examined. As shown in Table 2 , 1ЈS-1Ј-acetoxychavicol acetate (5, IC 50 ϭ2.3 mM) exhibited the strongest activity among the isolated constituents, in agreement with the previous report. 46) However, not only 5 but also galanganal (1, IC 50 ϭ68 mM), galanganols B (3, 88 mM) and C (4, 33 mM), 1ЈS-1Ј-acetoxychavicol acetate (5, 2.3 mM), 1ЈS-1Ј-acetoxyeugenol acetate (6, 11 mM), trans-phydroxycinnamaldehyde (10, ca. 20 mM), trans-p-coumaryl alcohol (11, 72 mM), and trans-p-coumaryl diacetate (13, 19 mM) showed substantial inhibition without cytotoxic effects in the MTT assay, and the inhibitory activities of 4-6, 10, and 13 were stronger than that of an NO synthase in-
or an inhibitor of nuclear factor-kB activation [caffeic acid phenetyl ester (CAPE)]. 47) In addition, the structure-activity relationships of 5 in the inhibitory effects on NO production was described in our report. 48) Fig. 2 
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); UV spectra, Shimadzu UV-1600 spectrometer; IR spectra, Shimadzu FTIR-8100 spectrometer; EI-MS and high-resolution MS, JEOL JMS-GCMATE mass spectrometer; 1 H-NMR spectra, JNM-LA500 (500 MHz) spectrometer; 13 C-NMR spectra, JNM-LA500 (125 MHz) spectrometer with tetramethylsilane as an internal standard; and HPLC detector, Shimadzu RID-6A refractive index detector.
The following experimental conditions were used for chromatography: ordinary-phase silica gel column chromatography, Silica gel BW-200 (Fuji Silysia Chemical, Ltd., 150-350 mesh); reverse-phase silica gel column chromatography, Chromatorex ODS DM1020T (Fuji Silysia Chemical, Ltd., 100-200 mesh); TLC, precoated TLC plates with Silica gel 60F 254 (Merck, 0.25 mm) (ordinary phase) and Silica gel RP-18 F 254S (Merck, 0.25 mm) (reverse phase); reverse-phase HPTLC, precoated TLC plates with Silica gel RP-18 WF 254S (Merck, 0.25 mm); and detection was achieved by spraying with 1% Ce(SO 4 ) 2 -10% aqueous H 2 SO 4 followed by heating.
Plant Material The rhizome of A. galanga was collected in Thailand in July 2000, and was identified by Dr. Yutana Pongpiriyadacha (Faculty of Agriculture Nakhon si Thammarat, Rajamangala Institute of Technology). A voucher specimen (No. T-04) for this natural medicine is on file in our laboratory.
Extraction and Isolation The dried rhizomes of A. galanga (2.1 kg) were powdered and extracted three times with 80% aqueous acetone at room temperature for 1 d. Evaporation of the solvent under reduced pressure provided an aqueous acetone extract (138 g, 6.6% from the dried rhizomes). Normal-phase silica gel column chromatography [3.0 kg, n-hexane-EtOAc Galanganal (1) 2) and B (3) A solution of 2 or 3 (each 0.9 mg, 3 .0 mmol) in acetone (0.5 ml) was treated with 2,2-dimethoxypropane (0.1 ml) and Dowex HCR-W2 (H ϩ form, 5-10 grains), and the mixture was stirred at room temperature for 12 h, respectively. The resin was removed by filtration. Removal of the solvent from the filtrate under reduced pressure gave a residue that was purified by silica gel column chromatography (0.1 g, n-hexane-AcOEtϭ 1 : 5, v/v) to furnish 2a (1.0 mg, 98%) or 3a (0.7 mg, 69%), respectively. 
Bioassay. NO Production from LPS-Stimulated Macrophages
Inhibitory effects on the NO production by mouse macrophages were evaluated using the method reported previously. 41, 45) Briefly, peritoneal exudate cells were collected from the peritoneal cavities of male ddY mice, which had been intraperitoneally injected with 4% thioglycolate medium 4 d before, and washed with 6-7 ml of ice-cold phosphate-buffered saline (PBS). The cells (5ϫ10 5 cells/well) were suspended in 100 ml of RPMI 1640 supplemented with 5% fetal calf serum, penicillin (100 units/ml), and streptomycin (100 mg/ml), and precultured in 96-well microplates at 37°C in 5% CO 2 in air for 1 h. Nonadherent cells were removed by washing the cells with PBS, and the adherent cells were cultured in fresh medium containing LPS 10 mg/ml and test compound (1-100 mM) for 20 h. NO production in each well was assessed by measuring the accumulation of nitrite in the culture medium using Griess reagent. Cytotoxicity was determined using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) colorimetric assay. Briefly, after 20-h incubation with test compounds, MTT (10 ml, 5 mg/ml in PBS) solution was added to the wells. After 4-h culture, the medium was removed, and isopropanol containing HCl 0.04 M was then added to dissolve the formazan produced in the cells. The optical density of the formazan solution was measured with a microplate reader at 570 nm (reference, 655 nm). When the optical density of the sample-treated group was less than 80% of that in the vehicle-treated group, the test compound was considered to exhibit cytotoxic effects. L-NMMA and CAPE were used as reference compounds. Each test compound was dissolved in dimethyl sulfoxide (DMSO), and the solution was added to the medium (final DMSO concentration 0.5%). Inhibition (%) was calculated using the following formula and the IC 50 was determined graphically (nϭ4): Statistics Values are expressed as meanϮS.E.M. One-way analysis of variance followed by Dunnett's test was used for statistical analysis.
